Combinatorial Chemistry Online Volume 12, Issue 12, December 2010 by Terrett, N.K.
Combinatorial Chemistry - An Online Journal 12 (2010) 45–47Contents lists available at ScienceDirect
Combinatorial Chemistry - An Online Journal
journal homepage: www.elsevier .com/locate /comcheCombinatorial Chemistry Online
Volume 12, Issue 12, December 2010
N.K. Terrett
Ensemble Therapeutics Corp., Cambridge, MA 02139, USA1. Current literature highlights
1.1. The synthesis of libraries of tetrahydrofurans
There is continuing push to ﬁnd succinct routes to attractive
molecules for drug discovery, in many cases using the structures
of known pharmacologically active compounds to inﬂuence design.
A recent paper describes the synthesis of mono- and bis-tetra-
hydrofurans (THFs) through click and multiple component reaction
chemistry.1
The THF moiety is commonly observed in natural products
where it represents a key structural feature in the Annonaceous
acetogenins such solamin and ascimicin. These compounds have
anticancer activity, exhibiting profound inhibitory activity of
complex I (NADH/ubiquinone oxidoreductase) in mitochondrial
transport systems. THF rings are an essential structural feature
and have thus inspired the investigation of methods for the rapid
synthesis of libraries of such compounds.
Monomeric THFs can represent a number of different stereoiso-
mers, and with two such rings within a structure (2), the com-
pound may have as many as sixteen diastereoisomers, requiring
careful control in a combinatorial library context. This recent work
focused initially on generating mono- (1) and bis-THFs (2) with
control of stereochemistry, and then derivatising the ends through
click or multicomponent reactions.
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For example, the cis-threo-cis bis-THF (3) was generated from
the bis-hydroxy precursor and then functionalised through cop-
per-catalysed reaction with various alkynes to give the triazole
products 4. Alternatively, converting one end to an amine allowed
the bis-THF to be a component in the Ugi reaction generating prod-
ucts such as 5. In a similar fashion, THF-derived ureas were
employed in a Biginelli multiple-component reaction to give 3,4-
dihydropyrimidin-2(1H)-one derivatives.doi:10.1016/j.comche.2010.11.001
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These synthetic approaches have established chemistry that
will allow the rapid parallel synthesis of library compounds con-
taining the THF moiety. The triazoles, peptides and urea products
were produced in fair to good yields and selected compounds are
currently being evaluated for pharmacological activity.
2. A summary of the papers in this month’s issue
2.1. Solid-phase synthesis
A new highly efﬁcient double heteroatom Mitsunobu coupling
with amino hydroxybenzoic acids on solid phase has been de-
scribed. The synthetic routes reported in this work are general
and applicable for the preparation of diverse building blocks, con-
trolling protection, arm length, chirality, and peripheral functional
groups. These novel units can form unusual dendritic architectures,
which could be incorporated into speciﬁc complex structures,
expanding the scope of dendrimer science.2
Various peptidoglycan fragments have been synthesised, in
homogenate phase or on a solid support, from two anhydro-
muramic acid derivatives protected with a Bn or a PMB group at
the 4th position. The periplasmic amidase sAmiD of Escherichia coli
was used to cleave the amide bond between the lactyl group of the
MurNAc and the a-amino group of L-Ala where the peptide chain
was at least a dipeptide (L-Ala-c-D-Glu) amidated by benzylamine
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showed that anhMurNAc-l-Ala-c-D-Glu-L-Lys with TNB as chromo-
phoric group on the e-amino group of L-Lys is a good candidate for
the development of a sensitive enzyme assay of sAmiD.3
2.2. Solution-phase synthesis
The parallel solution-phase synthesis of a library of toxoﬂavin
derivatives has been described. This microwave-assisted approach
involved the de novo generation of the heterocyclic scaffold and al-
lowed for facile introduction of a variety of fragments.4
The synthesis of seleno-galactopyranosides in a short and efﬁ-
cient manner has been described, starting from the parent carbo-
hydrate D-galactose. The approach described allows the synthesis
of small libraries of compounds with a number of structural varia-
tions at the group attached to selenium. Compounds with aryl,
propargyl, allyl, acyl, and alkyl substituents have been described.5
2.3. Scaffolds and synthons for combinatorial libraries
No papers this month.
2.4. Solid-phase supported reagents
A polymer-supported 1,4-butanediolvinyl ether derivative has
been used for the removal of an oleﬁn metathesis catalyst,
(PCy3)2(Cl)2Ru(3-phenyl-indenylid-1-ene), (where PCy3 = tricyclo-
hexylphosphine) from a reaction solution. Poly(styrene-co-4-nitro-
phenyl acrylate), cross-linked with either ethylene glycol
dimethacrylate or divinylbenzene was prepared via suspension
polymerisation and modiﬁed chemically to yield a supported acid
chloride and subsequently a 1,4-butanediolvinyl ether derivative.6
Various ketones have undergone asymmetric trimethylsilylcya-
nation at room temperature with (CH3)3SiCN (TMSCN) in the pres-
ence of a chiral-supported Cu(salen) complex and Ph3PO as the
catalyst. Aromatic, aliphatic, and heterocyclic ketones have been
converted into the corresponding cyanohydrin trimethylsilyl
ethers in 83–96% yields with 52–84% ee. A double activation where
Cu(salen) plays the role of Lewis acid and Ph3PO acts as a Lewis
base is reported. Poly(ethylene glycol) monomethyl ether (MeO-
PEG) has been used as a soluble support while JandaJel and Merri-
ﬁeld resins served as insoluble supports.7
2.5. Novel resins, linkers and techniques
A tetraﬂuorophenol acrylamide monomer unit has been syn-
thesised, co-polymerised and grafted onto a glass slide to form
individual gel spots. In a proof of principle study, a small library
of amides was rapidly synthesised within these gel spots using
‘catch-and-release’ chemistry, including synthesis of the biologi-
cally interesting quorum sensing acyl-homoserine lactones. The
tetraﬂuorophenol acrylamide gel was demonstrated to be an efﬁ-
cient platform for the synthesis and screening of small molecules
for biological activity.8
2.6. Library applications
An efﬁcient strategy for the fast construction of a 108 com-
pound library has been developed using click chemistry. The pro-
ﬁle of inhibitory activity toward monoamine oxidase-A/B (MAO-
A/B) with this library was determined, and four hit compounds
identiﬁed as selective inhibitors of MAO-A.9
The synthesis of a 20 member 2-aminoimidazole/triazole pilot
library has been reported. Each member of the library was
screened for its ability to inhibit or promote bioﬁlm development
of either E. coli and Acinetobacter baumannii. From this screen,E. coli-selective 2-aminoimidazoles were discovered, with the best
inhibitor inhibiting bioﬁlm development with an IC50 of 13 lM.10
Selective inhibition of the aspartyl protease renin has gained
attraction as an interesting approach to control hypertension and
associated cardiovascular risk factors given its unique position in
the renin–angiotensin system. Using a combination of high-
throughput screening, parallel synthesis, X-ray crystallography
and structure-based design, a novel series of potent and non-chiral
indole-3-carboxamides with remarkable potency for renin have
been discovered and optimised.11
A class of cyclic acyldepsipeptide antibiotics collectively known
as the enopeptins has recently attracted much attention because of
their activity against multidrug-resistant bacteria, including meth-
icillin-resistant Staphylococcus aureus and vancomycin-resistant
Enterococcus faecalis. A diversity-oriented synthesis of acyldepsi-
peptide derivatives, featuring the Joullié-Ugi three-component
reaction, has been developed. These cyclic acyldepsipeptides were
tested for their activity against drug-resistant, clinical isolates of
Staphylococci and Enterococci, and one analogue exhibited in vitro
antibacterial activity against Enterococci that was fourfold higher
than the parent compound.12
Based on a split-and-mix strategy, a library of trimeric Polyam-
ide Amino Acids (PAA) incorporating four different amino acids
(Lys, Ala, Arg, and Phe) has been prepared. Screening of the batches
for HIV TAR RNA binding in a ﬂuorescent assay allowed the identi-
ﬁcation of several components that interact with TAR RNA at a
micromolar concentration, with a good TAR versus tRNA
speciﬁcity.13
The synthesis and the pharmacological evaluation of a new
class of human carbonic anhydrase (hCA) inhibitors, 1,5-diarylpyr-
role-3-carboxamides, prepared by a solid-phase strategy involving
a PS(HOBt) resin has been reported. A molecular modelling study
was conducted in order to simulate the binding mode of this
new family of enzyme inhibitors within the active site of hCA IX,
and pharmacological studies revealed high inhibitory potency in
the nanomolar range.14
Nucleocytoplasmic transport of macromolecules is a fundamen-
tal process of eukaryotic cells, and translocation of proteins and
many RNAs between the nucleus and cytoplasm is carried out by
shuttling receptors of the b-karyopherin family, also called impor-
tins and exportins. A microtitre plate based permeabilised cell
screen for small molecule inhibitors of the importin a/b pathway
has been developed. By analysing peptidomimetic libraries, b-turn
and a-helix peptidomimetic compounds that selectively inhibit
nuclear import by importin a/b but not by transportin were
identiﬁed.15
A library of tryptophan and tryptamine derivatives including
prenylated indole compounds have been synthesised and their
scavenging activity for reactive oxygen species (ROS) and reactive
nitrogen species (RNS) has been investigated. The library substitu-
tion pattern included several alkyl chains at positions N-1, C-2 of
the indole nucleus, as well as different groups at the side chain that
allowed the investigation of a possible radical stabilisation. Results
show that the tested compounds are effective scavengers of ROS
and RNS, and suggest that the radical stabilisation is strongly
dependent on the type of substituents on the indolic moiety and
on their relative positions.16
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